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:LWK WKLV LQPLQG D QHZ DSSURDFK IRU WKH VWXG\ RI UHQHZDEOH HQHUJ\ V\VWHPV VHHPV QHFHVVDU\ WDUJHWLQJ LQ
SDUWLFXODU WKH XQGHUVWDQGLQJ RI WKH FKDUDFWHULVWLFV RI WKHVH W\SHV RI V\VWHPV WKHLU LQWHJUDWLRQ DQG XVH LQ UHPRWH
FRQILJXUDWLRQWKHPDQDJHPHQWRIWKHVHV\VWHPVHWF7KHVHSUHPLVHVKDYHDOORZHGDXWKRUVWRGHVLJQDFXUULFXOXP
PHWKRGV DQG PDWHULDOV IRU WKH VWXG\ RI UHQHZDEOH HQHUJ\ V\VWHPV FXVWRPL]HG IRU GLIIHUHQW VSHFLDOL]DWLRQV RI
SUHSDULQJVWXGHQWVIRUWHFKQLFDOHGXFDWLRQ









7KH SURFHVV RI GHYHORSLQJ WKH WUDLQLQJ PHWKRGRORJ\ VWDUWHG IURP WKH DQDO\VLV RI WKH NQRZOHGJH DQG VNLOOV
HVWDEOLVKHG E\ FXUULFXOXP IRU HDFK VSHFLDOL]DWLRQRI VWXG\&RPPRQSRLQWV DQG VSHFLILF FKDUDFWHULVWLFVZHUH DOVR
LGHQWLILHG $OVR LW ZDV UHJDUGHG D JOREDO DSSURDFK EXW IRFXVHG HVSHFLDOO\ RQ WKH DYDLODELOLWLHV DQG VSHFLILF
FKDUDFWHULVWLFV RI 5RPDQLD 7KH SUHSDUDWLRQ RI D FXUULFXOXP DGGUHVVLQJ NQRZOHGJH DFTXLVLWLRQ DERXW UHQHZDEOH
HQHUJ\UHVRXUFHVLQFXUUHQWHQHUJ\SROLFLHVDWQDWLRQDODQG(XURSHDQOHYHOWKHFRQYHUVLRQRIHQHUJ\IURPUHQHZDEOH
VRXUFHVDQGHIILFLHQF\DQDO\VLVRIVSHFLILFFDVHV IRUHDFK W\SHRI5(6VRODUZLQGK\GURELRPDVV WKH UROHDQG











VSHFLILF DGYDQWDJHV VXFK DV WKH DELOLW\ WR FRQGXFW DQDO\VLV RQ D ORQJHU SHULRGV RI WLPH WKDQ WKRVH DOORZHG E\ D
FRQYHQWLRQDO ODERUDWRU\ WKHSRVVLELOLW\RI VWXG\LQJ UHDO FRQGLWLRQV DW GLIIHUHQW VLWXDWLRQV DQGSHULRGVRI WLPH WKH




9LUWXDO ODERUDWRU\ ZDV GHVLJQHG WR DOORZ WKH DQDO\VLV DQG 5(6 VWXG\ LQ FHUWDLQ VSHFLILF FRQGLWLRQV ERWK
ODERUDWRU\DQGUHDOVLWXDWLRQV)URPWKLVSHUVSHFWLYHWKHODERUDWRU\LVEXLOWRQWZRPRGXOHV
x 7KHEDVLFHGXFDWLRQPRGXOHRI5(6






































































































WKH VWXG\RI WKH SULPDU\ UHVRXUFHV DYDLODELOLW\ RI IRU WKH IXQFWLRQLQJ UHJLPH LQWHUFRQQHFWHGRU LVRODWHG IURP WKH
SRZHUV\VWHP7KLVW\SHRIVHVVLRQFDQUXQLQSDUDOOHOZLWKWKHXVXDOH[SHULPHQWV
'LVFXVVLRQDQGUHVXOWV
,QRUGHU WR HYDOXDWH WKH HIILFLHQF\RI WKH SURSRVHGEOHQGHG OHDUQLQJ VROXWLRQ LQ WKH HGXFDWLRQSURFHVV D VWXG\





1RFUW 6WGQR 3URPRYDELOLW\>@ <HDU 2EV
*URXS *URXS *URXS *URXS
      &ODVVLFODERUDWRU\
     
     
      9LUWXDOODERUDWRU\




WLPHFRPSDUHG WR WKH FRQYHQWLRQDOPHWKRGDQG WKH UHSHUIRUPLQJRI WKHH[SHULPHQWVEDVHGRQGDWD VWRUHG LQ WKH
YLUWXDOODERUDWRU\
&RQOXVLRQV
$ PRGHUQ HGXFDWLRQ RQ WKH ILHOG RI HQHUJ\ VWXGLHV SUHSDUHV VSHFLDOLVWV ZKR ZLOO ZRUN LQ DQ DUHD RI JUHDW
LPSRUWDQFH IRU WKH GHYHORSPHQW RI VRFLHW\ DQGZLWK D FRQVLVWHQW LPSDFW RQ VXVWDLQDEOH GHYHORSPHQW'LVFLSOLQHV
GHYRWHG WR WKHVWXG\RIHOHFWULFLW\DQGKHDWSURGXFWLRQEDVHGRQUHQHZDEOHUHVRXUFHVUHSUHVHQWDQHFHVVLW\IRU WKH
SRUWIROLRRIVNLOOVDQGNQRZOHGJHRIHQJLQHHUVDQGVSHFLDOLVWVIRUPHGIRUWKHHQHUJ\LQGXVWU\
7KH 5HQHZDEOH (QHUJ\ 5HVRXUFHV /DERUDWRU\ RI (OHFWULFDO (QJLQHHULQJ 'HSDUWPHQW ZLWK HGXFDWLRQDO
ZRUNVWDWLRQVDQGDGMDFHQWVWXG\WRROVLVDVSHFLDOO\GHYHORSHGVROXWLRQIRUFUHDWLQJQHZVNLOOVDQGHIIHFWLYHWUDLQLQJ
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,QIXWXUHLWLVSURSRVHGWRLQWHJUDWHWKHVROXWLRQZLWKLQH[LVWLQJ/06LQRUGHUWRLPSURYHWKHWUDLQLQJSURFHVVHVE\
LQFUHDVLQJ WKH DFFHVVLELOLW\ DQG XVDELOLW\ WKURXJK WKH SRVVLELOLW\ RI LPSOHPHQWLQJ FROODERUDWLYH DFWLYLWLHV DQG
LPSURYLQJDVVHVVPHQWDFWLYLWLHV
7KHFXUUHQWVWXG\SODWIRUPLVEDVHGRQD IOH[LEOHDUFKLWHFWXUHVR WKDW WKH ODERUDWRU\FDQEHH[WHQGHGZLWKQHZ
IHDWXUHVDQGXSJUDGHGHVSHFLDOO\DWWKHLQWURGXFWLRQRIQHZWHFKQRORJLHV
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